X-ray absorption investigation of a unique protein domain able to bind both copper(I) and copper(II) at adjacent sites of the N-terminus of Haemophilus ducreyi Cu,Zn superoxide dismutase.
The N-terminal metal binding extension of the Cu,Zn superoxide dismutase from Haemophilus ducreyi is constituted by a histidine-rich region followed by a methione-rich sequence which shows high similarity with protein motifs involved in the binding of Cu(I). X-ray absorption spectroscopy experiments selectively carried out with peptides corresponding to the two metal binding regions indicate that both sequences can bind either Cu(II) or Cu(I). However, competition experiments demonstrate that Cu(II) is preferred by histidine residues belonging to the first half of the motif, while the methionine-rich region preferentially binds Cu(I) via the interaction with three methionine sulfur atoms. Moreover, we have observed that the rate of copper transfer from the peptides to the active site of a copper-free form of the Cu,Zn superoxide dismutase mutant lacking the N-terminal extension depends on the copper oxidation state and on the residues involved in metal binding, histidine residues being critically important for the efficient transfer. Differences in the enzyme reactivation rates in the presence of mixtures of the two peptides when compared to those obtained with the single peptides suggest that the two halves of the N-terminal domain functionally interact during the process of copper transfer, possibly through subtle modifications of the copper coordination environment.